Supplemental results

Cell junction proteins of hUC-MSC sheet
To verify cell junction protein gene expression levels, quantitative RT-PCR analysis was performed to measure integrin-linked kinase (ILK) and N-cadherin (N-cad) gene expression levels of hUC-MSCs in different passage numbers. Passage 12 cell showed lower ILK and N-cad gene expression, compared to passage 6, 8, and 10, indicating that hUC-MSCs in passage 12 have insufficient cell junction proteins compared to these cells from smaller passage numbers in Figure   S1 .
hUC-MSC multi-potency to chondrocytes
hUC-MSC differentiation potential into chondrocytes were characterized for passage 6, 8, 10, and 12, compared with control group in Figure S2 . hUC-MSC showed low positive expression in Alcian blue staining. There was no differences between differentiated and control groups.
Secretion of vascular endothelial growth factor (VEGF)
To verify vascularization ability of cell sheets, quantitative RT-PCR analysis was performed to measure human VEGF gene expression, which is a key contributor in the formation of new blood vessels. hVEGF gene expression in hUC-MSC, hBMSC, and hADSC sheets were compared. hUC-MSC, hADSC, and hBMSC showed hVEGF gene expression. There was no significant differences of hVEGF gene expression levels in all groups ( Figure S3 ).
Supplemental materials and methods
Quantitative reverse transcription polymerase chain reaction (RT-PCR) analysis
hUC-MSC cell sheets were collected after detachment from TRCD at RT. Total RNA from cell sheets was extracted using Trizol and PureLink RNA Mini Kt (Life Technologies) according to manufacturer's protocols. cDNA was prepared from 1 g of total RNA using high capacity cDNA reverse transcription kits (Life Technologies). RT-PCR analysis was performed with TaqMan Universal PCR Master Mix using an Applied Biosystems Step One instrument (Applied Biosystems, Foster City, USA). Gene expression levels were assessed for the following genes: 1) glyceraldehyde 3-phosphate dehydrogenase (GAPDH, Hs02786624_g1) as a housekeeping gene, 2) integrin-linked kinase (ILK, Hs00177914_m1) , 3) N-cadherin (N-cad, Hs00983056_m1), 4) vascular endothelial growth factor (VEGF, Hs99999070_m1) All primers were manufactured by Applied Biosystems (sequences for each shown in Table S1 , Supplementary data). Relative gene expression levels were quantified by the comparative CT method 77 . Gene expression levels were normalized to GAPDH expression levels. Gene expression levels are relative to levels for the passage 6 cell group.
hUC-MSC differentiation potential to chondrocytes
For chondrogenic differentiation, cells were aliquoted at 2.5 x 10 5 cells in 15 mL tubes and centrifuged at 12000 rpm for 10 min. Tubes were then incubated at 37 o C for 3 days with loosened caps to allow pellet formation. After 3 days, media was changed to StemPro chondrogenic induction media (Life Technologies) and pellets were incubated in chondrogenic induction media at 37 o C for 3 weeks, with media changed twice per week. At 3 weeks, pellets were fixed with cold 4% Paraformaldehyde for 12 mins and paraffin embedded. To detect positive differentiation, 4m paraffin sections were then stained with Alcian blue (Sigma-aldrich) for 10 min according to
